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528, and 560 nm (e 77,400, 10.020, and 16,580), v n 
and 1540 cm" 1 . 

Copper{\\) aetioporphyrin I gave, on elution with benzene, 
a bright red fraction which was further purified by chrom- 
atography on a silica column (2 x 20 cm). Copper(n) 
m«o-mononitroaetioporphyrin I " crystallised from chloro- 
form-light petroleum as red needles (158 mg, 66-2%). 

Aetioparphyrin J similarly gave copper(n) meso-mono- 
nitroaetioporphyrin I (92 mg, 38%) (Found: C, 66-1; H, 
5-7; X, 12-4. Calc. for C„H u CuN s O t : C, 66-8; H, 6-05; 
X, 12-0%), identical with the product obtained from 
copper (u) aetioporphyrin I. 

Zinc (ii) aetioporphyrin I gave, on elution with benzene, a 
brown-red fraction which was further purified by chrom- 
atography on a silica column (2 x 20 cm) and crystallised 
from chloroform-ethanol to give iinc(n) meso-dinitro- 
aetiopotphyrin I (42 mg, 18%) (Found: C, 60-5; H. 5-25; 
N\ 131. C lt H J4 N\0<Zn requires C, 60-8; H, 5-4; N, 13-3%), 

« V W Tohnson and D. OMfield. f. Chem. Soc.. 1966, 4303. 



347, 401, 543. and 580 nm (c 26,000, 202.000. 14.150, 
and 13,800), v rax . 1380 and 1537 cm' 1 . 

Manganese (hi) aetioporphyrin I hydroxide gave man- 
ganese( I n) aetioporphyrin I nitrate as blue-black prisms 
(29 mg, 27%) (Found: C, 62*3; H. 6-7; X, 11-4. C„H sr 
MnN,0„H,0 requires C, 62-9; H. 6-2; X, 11-5%). 
362. 429, 477, 567. and 600 nm (e 75,700. 14,070. 41.200, 
9590, and 4390). A second band was eluted (56%) which 
proved to be unchanged starting material. 

Iron(m) aetioporphyrin I chloride gave iron(m) aetio- 
porphyrin I nitrate as purple-black prisms (138 mg. 
68%) (Found: C, 64-6; H, 615; CI, 0 0; N. 115. C„H 3S - 
FeN 5 0, requires C, 64-7; H, 6 05; X, 11*8%), >. Mt 382, 
565, and 590 nm (t 53,950, 7200, and 6190), X iDfl , 355 nm 
(e 43,460). 

We thank Professor H. H. Inhoffen for gifts of octa- 
ethylporphin. 

(1/2041 Received, 2nd November. 1971] 
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Preparation of 2 r 3-Dihydrothiazolo[2,3-a]isoquinolinium Salts and their 
Reactions with Complex Metal Hydrides 

By Harjit Singh * and Kulbhushan Lai, Department of Chemistry and Biochemistry, Punjab Agricultural 
University, Ludhiana, India 

3-Methyl-2.3-dihydrothia2olo(2.3-a]isoquinolinium perchlorate (3; R « Me) has been synthesised by the 
cyclisations of 1 -ailylthioisoquinoline (1) and p-hydroxypropytthioisoquinoline (4: X = H. OH : R = Me). 
2.3-Dihydrothiazolo[2.3-a]isoquinoiinium perchlorate (3; R = H) was obtained from 3-hydroxyethylthioiso- 
quinoltne (4; X = H. OH; R « H) as well as 1 -mercaptoisoquinoline and ethylene dibromide. Reduction of 
3-methyl-2,3-dihydrothioa2olo[2.3-a]isoquinolinium perchlorate (3: R e Me) and 3-methylthiazoto[2.3-*]iso- 
quinolinium perchlorate (10: R a Me) with LAH or NaBH 4 gave 3-methyl-2.3-dihydro-10b^-thia2Olo[2.3-5]iso- 
quinoline (7). 3*methyl-2,3.5.6-tetrahydro-10bW-thia2olo[2.3-a]isoquinoline (8) and a minor component of 
undetermined structure. 3-Bromomethyl-2.3-dihydrothiazolo[2.3-ajisoquinolinium perchlorate (12) obtained 
from (1) and bromine was hydrogenolysed with IAH to (7) and (8). 



The Hantzsch thiazole synthesis 1 has been extensively 
used in synthesising a variety of thiazolo-heterocyclics 2 
and their salts. 3 In these reactions, the formation of 
intermediate hydroxythiazolines 2a * 4 and hydroxythia- 
zolinium salts by the attack of N at an electrophilic 
carbonyl carbon have been reported. Here we both 
report the use of an alcohol and an alkene-carbonium ion 
for the synthesis of 2 1 3-dihydrothiazolo[2,3-a]isoquinol- 
inium perchlorates and describe the behaviour of these 
compounds towards complex metal hydrides. 
In 1-aUylthioisoquinoline (1), the allylic side-chain 

1 R. H. Wilev, D. C. England, and L. L. Behr. Org. Reactions, 
1961.6,367. 

1 (a) A. F. Alper and A. Taurin. Canad. J. Chem., 1967, 45. 
2903 and references therein; (6) H. Singh. S. L. Jain. V. K. 
Sharma, and K. S. Narang. Indian J. Chem., 1969, 7. 765; 
(c) C. K. Bradsher and H. F. Andrew, J. Heterocyclic Chem., 1967, 
4. 677; (i) G. Dolescfaall, Acta Chim. Acad. Sci. Hung., 1967, 58. 
386. 

* (a) B. Stanovnik, M. Tisler and A. Vrbanic. /. Org. Chem., 
1969. 84. 996, and references therein; (6) C. K. Bradsher and 
W. J. Jones, jun., Rec. Trav. chim., 1968, 87, 274; (c) C. K. 
Bradsher and H. F. Andrew. /. Heterocyclic. Chem.. 1966, 3, 
282: (d) C. K. Bradsher and W. J. Jones. J. Org. Chem., 1967, 
82. 2079; {e) C. K. Bradsher and D. F. Lohr. jun.. /. Hetero- 
cyclic Chem.. 1967, 4. 71; (/) K. Undheim and K. R Reistad, 
Acta Chem. Scand., 1970, 24. 2956. and references therein. 



can provide a secondary carbonium ion (2) at the carbon, 
appropriately placed for attack of K to form the thiazole 
ring. As alicylation in heterocyclic thioureas where the 
thio- function is exocyclic proceeds at S, u (1) was 
obtained from allyl chloride and 1 -mercaptoisoquinoline. 
Its n.m.r. spectrum showed the characteristic vinylic 
proton absorptions. Its mass spectrum, where the 
characteristic peaks appeared at m\t 201 (Af mu 200. 
174 (predominant y-fission in l-alkylisoquinolines, 6 " loss 
of H- and CH=CH 2 ), m\t 186 (m* t mjt 172-1, a) and mit 
168 (m*, m)e 140-3, b) further corroborated the structure. 

Compound (1) cyclised smoothly to 3-methyl-2,3- 
dihydrothiazolo[2,3-ajisoquinolinium perchlorate (3 ; 
R = Me) in polyphosphoric acid although it failed in 
ethanolic HQ and sulphuric acid. Compound (3; 

• {a) H. Singh and S. Singh, Tetrahedron Letters, 1970, 585; 
(6) H. Alper, Chem. Comm., 1970, 383; (c) H. Alper and A. E. 
Alper, /. Org. Chem., 1970, 85. 835; {d) H. Alper, E. C. H. 
Keung, R. A. Partis. /. Org. Chem,, 1971. 88. 1352. 

• R. S. Egan, J. Tadanier, D. L. Garmaise, and A. P. Gaunce, 
/. Org. Chem., 1968, 88. 4422. 

• G. Spiteller, Adv. Heterocyclic Chem., 1966, 7. 301. 

T (a) H. Budzikiewics, C. Djerassi, and D. H. Williams. 
' Mass Spectrometry of Organic Compounds,' H olden -Day, 
San Francisco, 1967. pp. 287—288; (6) p. 309. 



1800 



R = Me), was alternatively obtained by the cyclisation 
of (4: R = Me, X = H ( OH), which was obtained by 
sodium borohydride reduction of (4; R = Me, X = O). 3 * 
The u.v. spectrum of (3; R = Me), which was different 
from that of the perchlorate of (1) (Figure), and its 
n.m.r. spectrum where vinylic protons were absent, 
corroborated the cyclic structure. In both these cases 
the possible formation of 2-raethyl-2,3-dihydrothiazolo- 
[2,3-<isoquinoiiniura perchlorate (6) through the inter- 
mediate (o) was ruled out (see later). The versatility 
which the use of alcohols allowed in preparing these 
svstems was further illustrated by the cyclisation of 
(4; R = H, X = H, OH) to 2,3-dihydrothiazolo[2>a]- 
isoquinolinium perchlorate (3 ; R = H) ; this was also 
obtained by condensation of 1-raercaptoisoquinoline and 
dih-vvoethanc. Con>pour,d (4; R = H, X = H, OH) 
*~ lei chioi\ - dri nc ]-rner- 



■■■■O'.ir^o-ine. 





a m/o 186 



CH=CH 2 



t m/o 168 



Since we ultimately required a certain degree of 
saturation in ring b and ring rupture 8 accompanies the 
reductions of thiazolinium salts with complex metal 
hydrides, we studied the behaviour of (3; R = Me) 
upon reduction. With NaBH 4 and LAH it furnished 
three products bands I, II, and III in the approximate 
ratios of 1:3:6 and 5:1:5 respectively as monitored 
by t.Lc. Through repeated chromatographic separation 

° The available quantity precluded the determination of its 
n.m.r. spectrum and in its i.r. spectrum, the Bohlmann bands 
were absent. 
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on alumina, bands I and III (single spots on t.Lc.) c 
be isolated in sufficient amounts whereas pure bana n 
was obtained in very small quantity. During this 
operation, the quantity of band I increased and that of 
band III decreased- The mass spectrum of component I 
(parent ion, mje 203) showed the addition of only one H 
atom. Its n.m.r. spectrum indicated the presence of 
a C(5)-C(6) double bond as 5-H and 6-H appeared at 
8 7*16 (1H, d, J 6 Hz) and 818 p.p.m. (1H, d, J 6 Hz) 
respectively; these were consistent with the 3-H and 
4-H absorptions in the n.m.r. spectrum of (1). Evi- 
dently, the addition has taken place at C-lOb and 
component I is S-methyl^.S-dihydro-lOb/f-thiazolo- 
[2,3-alisoquinoline (7). In its mass spectrum, the base 
peak at m\t 202 (M — 1) may be due to fragment ion 
C 1 * The parent ion at m'c 205 fo^ comoop.ent ; T " 
suggested t'mt it " ~ : * nvp ^ ... 

tiiiizolo^^-fijisoquinoiLic (8) foimed tfirough the addi- 
tion of two hydrogen atoms to (7). An alternative 
structure, (9), that could be formed by thiazolinium ring 
fission 8 was ruled out as the 3-H and 4-H absorptions 
were missing in its n.m.r. spectrum. The stereochemical 
assignment for lOb-H was made with the aid of OH 
stretch region where the presence of three sharp Bohl- 
mann bands 0 (2630, 2730. 2780 cm -1 ) on the lower 
frequency side of the major OH absorption indicated 
the presence of two a-hydrogens frans-diaxial to the un- 
shared electron pair on the bridgehead nitrogen. Com- 
ponent II (moL wt. 205) might be (9) or an isomer nf 
(8) since an unambiguous structural assignment c 
not be made on the basis of the available spectral da\c. 
From these structures the conversion of (8) into (7) 
during repeated chromatography, through oxidation, is 
understandable. 

Bradsher 3 * reported the preparation- of 3-methvl- 
thiazolo[2,3-a]isoquinolinium perchlorate (10; R = Me) 
from (4; R = Me, X = O). On reduction with LAH 
as well as NaBH 4 , compound (10; R = Me) gave three 
identical products (R Tt i.r., mixed rn.p. of picrate 
derivatives) with those obtained from (3; R = Mei. 
The absence of any additional constituent in the re- 
duction mixture from (10; R = Me) suggests that 
initial hydride attack at C-lOb is followed by the 
reduction of the enamine [C(2)-C(3)] double-bond and 
finally the C(5)-C(6) double-bond is reduced. Since it 
was considered advisable to check the authenticity of the 
cyclodehydrated product (10; R — Me), the perchlorate 
of (4; R = Me, X = O) was prepared. It was found to 
be quite different from (10; R = Me) and upon de- 
hydration it gave (10; R = Me) identical (mixed m.p. 
and u.v.) with the product obtained directly from (4; 
R = Me, X = 0)** Likewise, the perchlorate of (4; 
R = Ph, X = O) was dehydrated to (10; R = Phj, also 
obtained directly from (4; R = Ph, X = 0). In the 

0 A. D. Clarke and P. Svkes. /. Chem. Soc. (C). 1971. 103. 

• (a) F. Bohlmann. Chem. Ber.. 1968. 91. 2157; (6) N. J. 
Leonard and \V. K. Musker. /. Amer. Chem. Soc, 1960. 82. 
5148; {c) W. E. Rosen. Tetrahedron Letters. 1961. 481; (d) 
E. Wenkert and D. Rovchaudburi. /. Amer. Chem. Soc, 19'* 
78. 6417. 
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j.r. spectra of the perchlorates of (4; R = Me, Ph, 
X = 0), the carbonyl absorptions were missing and their 
u.v. spectra were -identical with those of (3; R = Me); 
they were quite different from those of (10) (Figure). 
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Figure 3 U.v. spectra of perchlorate of (i). ( J: (3; R == 

Mel ; -) ; (10; R - Me). ( >: and 

(11; R = Me), ( — x — x — } 

These spectral observations coupled with their ready 
deh vdrat ions (characteristic of tertiary alcohols) suggested 
the'cvclic structure (11) formed through preferred 0 
protonation over N protonation 10 and subsequent 
cyclisation. 

Undheim 11 established the formation of 3-bromo- 

" H. V. Berde. V. N. Gogte, C. I. Jose, and B. D. Tilak. 
/rid. J. Chem,, 1970, 8. 801. 
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ethyl-5-methyl-2,3^ydrothiazolo[2 f 3-a]pyridinium 8- 
oxide (13) by bromination of 2-ailylthio-6-methyl-3- 
hydroxypyridine. Likewise (1) was transformed into 
3-bromomethyl-2,3Kiihydrothia2oloi2 ( 3-ajisoquinolinium 
perchlorate (12), which on hydrogenolysis with LAH 12 
gave (7) and (8) (1:3), These transformations of (3; 
R = Me). (12), arid (10; R = Me) to identical products 
provide substantial chemical evidence for the assignment 
of the methyl group to the 3-position, (3), rather than the 
2-position (6). 

EXPERIMENTAL 

M.p.s were determined in capillaries. Lr. spectra were 
recorded for potassium bromide discs with a Perkin-Elmer 
337 grating spectrophotometer. Elemental analyses were 
performed at Central Drug Research Institute, Lucknow. 
N.m.r. spectra were determined with Varian A-60 and 
HA- 100 instrument * " ' le; t ic - t-~. > •* • j«i - 
in 95°/ c ethanol aod a;-* ^oaliu.uve. i ot t...c. \ 
coated with silica gel G and spots were developed with 
iodine. 

\-AllyUhioisoquinoline ( 1 ) . — A solution of 1-mercaptoiso- 
quinoline (0 01 mol) in anhydrous ethanol (30 ml) contain- 
ing sodium ethoxide (0-01 mol) and allyl chloride (0 01 mol) 
was refluxed for 2 h. The solvent was removed and the 
residue was treated with water and extracted with ether. 
The solvent was removed from the dried extract (Na,S0 4 ) 
and the solution of the residue (yield 90%) in methylene 
chloride (10 ml) was passed through a small column filled 
with alumina (3 g). The product (single spot on t lx.) 
could not be distilled under reduced pressure. Equally 
good yields were obtained by keeping the reaction mixture 
overnight but use of sodium methoxide gave relatively poor 
vields v (neat) 1642, 992. and 920 cm*- 1 (terminal vinyl) ; 
mass spectrum: A/-, mje 201. n.m.r. 8 (CDCl a ) 4-02 (2H. d. 
/ 7 0 Hz CH t ). 4-95-5-75 {3H, ABX m. CH=CH.;. 7-21 
(1H. d. / 0 Hz. 4-H), 8-21 (1H. d. / 6 Hz. 3-H;. 7-3—7-7 
and 8*0— 8-15 p.p.m. (4H. m, ArH). 

l-Athlthioisoquinolinium Perchlorate.— This compound. 
m .p. 107—109° (CH,OH) (yield 60° o ), was obtained by 
cooling a solution of compound (1) and 60% HCIO, in 
methanol. Use of HC10 4 -ether (1:1 v/v) gave better 
vields. w 2680 (N-H), 1170—1070 (C10 4 ) cm* 1 : 
237s, 286sh, 297. 325, and 336 nm (Figure) (Found: N\ 
51. ' CuH^ClNSO* requires N, 4-65%). Similar pro- 
cedures were used for the preparations of the following 
compounds. _ 

\-$-Hydroxyethylthioisoquinoline (4; R = H. X = H, 
OH). This was prepared from ethylene chlorohydrin and 
1-mercaptoisoquinoline. It was punned by chromato- 
graphy and could not be distilled (yield 83%). 

1 -p-Hvdroxyeth vlthioisoquinolinium perchlorate. —This 
compound had m.p. 142—145° {MeOH-ether; 1 : U. yield 
40% /w 226, 245sh, 274sh, 283, 294, and 310—340 nm 
(broad hu"rnp) '(F°imd: N, 4-8. C u H ia ClNOSO s requires 
N, 4*6%). 

(Isoquinotin-l-ylthio)acetone (4; R = Me, X = O). <— 
This compound had * M (neat) 1705 (CO) cm* 1 . 

Z-Methyl'^hydroxy-2H-thiazoh[2 t Z'A)isoquinolinium Per- 
chlorate (11: R = Me) 0 .— This compound had m.p. 145— 
146° from rCH,CN-ether. 1 : 1 (v/v)], yield 60%. 

» K. Undheim and K. R. Reistad. Ada chim. Scand.. 1970. 
24 2949. 

i* N\ G. Gaylord. /. Amer. Chem. Soc. 1954. 76. 285. 
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3400br (OH) and 1615{C=N) cm' 1 , X M 235s. 252sh, 280— 
292. 327—337, 350, and 364 nm (Figure), n.m.r. $ (CDC1,) 
2 0 (3H, s, CH S ), 4-22 (2H. s, CH,), and 71—8-2 p.p m 
(6H. m, ArH). 

2-{hoquinolin-\-yUhio)acetophenone (4; R = Ph, X = O). 
—This compound had m.p. 100 — 101° (from CH 3 OH), 
yield 60%, and was obtained from bromoacetophenone 
and 1-mercaptoisoquinoline; 1695 cm" 1 (C=0) (Found: 
X. 5*1. C l7 H u XOS requires N, 5-0%). 

$-Phenyl-Z'hydroxy-2H-thiazoto[2,i-*)isoquin6linium Per- 
chlorate (11; R = Ph) - .— This compound had ra.p. 160 — 
161°, yield 25%, 3220 (OH) and 1605 (C=N) cm"*, a 
232s. 270—290, and 310—330 nm, n.m.r. 8 (CF, -00,18) 
4*10(2H, s, CH X ) and 7-3— 8-9 p.p.m. (llH.s, ArH) (Found: 
X. 3-5. C 17 H 14 OXO t S requires N, 3-8%). 

Alternatively compounds (4; R = Me or Ph, X = O) 
and (11; R = Me or Ph) were obtained by refluxing a 
MO l "tr" ". ^ l nfr- "-r^"' r 'i : e appropriate 
x-.u>.\' .i . . . . G ... Alter evaporating 

iht solvent, tne residue was distributed in ether auu water. 
The ethereal layer gave compound (4; R = Me or Ph, 
X -= O) whereas the aqueous layer on treatment with 
60% HCIO, gave (11; R = Me or Ph) . 

\-%-Hydroxypropylthioi$oquinoline (4; R = Me, X = H, 
OH). — NaBH 4 (100 mg) was added with stirring to a 
methanolic solution of (4: R = Me, X — O) during 15 min. 
After 1 h it was successively acidified and basified with 
acetic acid and sodium hydroxide and was extracted with 
chloroform. The extract was dried (Na,S0 4 ) and the 
solvent was removed; the residue was used as such for 
cyclodehydration ; (neat) 3335 cm" 1 (OH). 

3'\fethyl-2 t 3-dihydrotkiazolo[2,3'a}isoquitu)Unium Per- 
chlorate (3; R = Me). — (a) A solution of compound (1) 
(0-8 g) in freshly prepared PPA (4 — 5 g) was heated at 
140 — 145° for 4 h under anhydrous conditions. It was 
taken up in hot water and the solution was filtered. The 
filtrate was treated with 60% HC10 4 (1 ml) and then set 
aside overnight. The product (0-7 g, 60%) crystallised 
from methanol as shining plates, m.p. 150 — 151°. X Mt 
235s, 252sh, 280—294. 322—340, 350, and 365 nm (Figure}* 
W 1615 ( c= ^)' 1050—1110 cm' 1 (CIO,); n.m.r. 8(CDC1J 
1*5 (3H. d, / 6-5 Hz), 2*7 (2H, s). diffused multiplet centred 
at 4-3 (1H), 7*0— 80 p.p.m. (m. 6H, ArH) (Found: C. 
48-35: H. 4-6; X, 4-75. C^H^XSCIO, requires C, 47-85; 
H. 4 0: X, 4-65%).* 

(i) Alternatively a solution of compound (1) in H t S0 4 
was set aside overnight. It was washed repeatedly with 
cold anhydrous ether and the oily residue was taken up in 
hot water and filtered. The filtrate on treatment with 
HC10, gave only intractable tar. 

U) A solution of compound (1) in ethanol saturated with 
anhydrous HC1 gas was refiuxed for 6 h. On work-up it 
gave the perchlorate of compound (1) identical (mixed m.p.) 
with the authentic sample. 

id) Compound (4; R =s Me. X = H, OH) when heated 
in poly phosphoric acid (PPA) gave a product identical 
(mixed m.p.) with (3; R = Me) obtained in (a). 

2.3-Dihydrothia:ofo[2.3-i]isoouinolinium PerchhraU (3: 
R = H). — (a) Compound (4: R = H. X = H, OH) was 
cyclised by heating it both in PPA (yield 60%) as well as 
in H,SO, (yield 70%). The product was crystallised from 

* Compound (II; R -= Me* on recrystallisation. partly 
changed to (10} and an analytically pure sample could not be 
obtained 
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methanol, m.p. 163 — 165 c . 232s, 252sh, 264—290. and 
320—340 nm (Found: N. 4-96. C ll H l0 XSClO 4 requires 
K, 4 88%). 

[b) A solution of the sodium salt of 1-mercaptoiso- 
quinoline (0-8 gj in acetone was treated with 1,2-dibro- 
methane and the mixture was kept overnight The solvent 
was removed and the residue was dissolved in water. On 
treatment with HC10 4 , it deposited the product which was 
identical with that obtained in (a). 

2- MethyUhiazolo[2,3-a.)isoquinolinium Perchlorate (10: 
R = Me).— This compound, m.p. 212—213° (CH,OH), was 
identical with Bradsher's product u and obtained bv 
cyclising compound (4; R — Me, X = O) in PPA; v Mr 
1610 (C=N), 1050—1110 cm-' (C10 t ); 222sh, 233. 264. 
288sh, 300—322, 334, and 349 nm (Found: C. 48-55; H, 
3-65; N, 4-8. C 12 H n XSC10 4 required C, 48-15; H. 3-35; 
N, 4-7%). 

3- Phe • ! r' • .„.«,-„ <u. - 

K sss Ph). — Tlus corm-otirri, m.p £40* v . . w 

70%), was obtained by the cyclodehvdration of (4 ; R » Ph, 
X = O) in PPA (Found: X, 3 75. ' C i: H l2 5NC10 4 requires 
X, 3*9%). Compounds (10; R = Me. Ph) were also 
obtained by similar dehydrations of (11; R = Me, Ph). 

Reduction of Compound (3; R = Me).— (a) With XaBH,. 
To a solution of compound (3; R = Me) (100 mg) in 
methanol (10 ml), XaBH 4 (500 mg) was added portionwise. 
with stirring, during 20 min. The reaction mixture was 
stirred for an hour and solvent was then removed. The 
residue was treated with acetic acid and was then made 
alkaline with aqueous XaOH. The solution was extracted 
with dichloromethane and the extract was dried (Na.S0 4 ) ; 
solvent was then removed. From the residue (100 mg), 
the following three constituents were isolated by repeated 
chromatography over alumina. Band (I): 2-Methyl-2,3- 
dihydro-10bK-thiazolo[2,3'd.)isoquinoline (7) (picrate. m.p. 
140—142°, from benzene), M'-, m\e 203; n.m.r. S (CDCl,) 

1- 79 (3H, d. / 6-5 Hz). 3 7 — 1-0 (1H, m), 5-8— 6-2 (2H, mi, 
6-7—70 (1H. m), 7-16 (IH, d, / 6-5 Hz). 818 (1H, d, 
/ 6*5 Hz), 7-9—8 04 (1H, m, ArH), 7-23—7-6 (3H, m, ArH). 
Band (II): M+; mje 205. Band (III): 3- Methy 1-2. 3,5, G- 
tetrahydro-lQbH~thiazolo[2 t 3-i]isoquinoline (8) (picrate. m.p. 
165—167°, benzene), A/**, mje 205; 2780, 2730, and 
2680 cm" 1 ; n.m.r. S (CDCl,), broad signals at 1*1 — 1-4. 

2- 5—3*5; 3-7—3-8 (11H), and G-85— 715 p.p.m. (4H). 

(b) With LAH. To a suspension of LAH (100 mg) in 
anhydrous THF (15 ml) was added dropwise, with stirring, 
a solution of (3; R = Me) (100 mg) under anhydrous 
conditions. The reaction mixture was stirred overnight 
and decomposed by addition of ethyl acetate and aqueous 
sodium hydroxide. The organic layer was dried (Na,S0 4 j 
and the solvent was removed. The residue contained 
three products identical (R v ) with those obtained in (a). 

Compound (10; R = Me) was likewise reduced with 
XaBH 4 as well as LAH and the products obtained were 
identical with the ones obtained in the reductions of (3: 
R » Me). 

3'Bromorruthyl-2 t 3^ihydroihiajolo[2 t 3-z]isoquinolinium 
Perchlorate (12). — Bromine (0-01 mol) dissolved in CCl« 
(5 ml) was added dropwise to a solution of compound (1) 
(0-01 mol) in CCl t (20 ml). The separation of a yellow 
coloured product accompanied the addition and the tem- 
perature rose to 65°. The mixture was set aside for 1 h; 
solvent was decanted and the oily residue was dissolved in 
methanol and treated with HCIO^ The orange product 
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(70%} was crystallised from methanol, m.p. 139—140° 
(Found: N, 3-9. C xt H u BrClKS0 4 requires N*. 3 7%). 

Hvdrogenolysis of Compound (12) with LAH — A sus- 
pension of compound (12) (100 mg) and LAH (500 mg) in 
THF (50 ml) was refluxed for 16 h under anhydrous con- 
ditions. After work-up, the products were found to be 
identical with compounds (3) and (7). 



Wc thank Professor Paul J. Scheuer for n.m.r. and mass 
spectra, Professor I. S. Bhatia for interest and facilities, 
Professor C. K. Bradsher for the comparison sample of (10; 
R = Me) and The Chemical Society (London) for financial 
support. 
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Azabenzocycloheptenones. Part XIV. 1 Cyclisation of Amino-acid D riv- 
ativesto Tetrahydro-1-benzazepin.5-opesandTetrahydroquinolin-4-ones 

By G. R. Proctor/ W. I. Ross, and A. Tapia. Department of Pure and Applied Chemistry, University of Strath- 
c!yde. Glasgow d A , YL 

: c.-.r rc.eihy'3 (u- metnoxwafbonyii.. or f. »-.^v-.*- 

Qi'veVmetnvt l 2 3 4-tetrahvdio-«-uxoquinoline-3-carboxylate. ;V). =ome re:ct:cns cf which -ro 'ecv.'OPC. 
cyclisation of the ^-acetyl derivative of ethyl 4-(o-methoxycarbonyianilino)butyrate (IV; R 1 » H. R l = Me. 
R» » Et. n - 3) gives ethyl 1 -acetyl- 1 .2.3.4-tetrahydro-5-oxo-1 -benzazepine-4-carboxylate (III: * 1= a Ac - 
rz a cb.Et R s - H). Various /V- methyl and A/-phenyl derivatives of 4-anilinobutync acid (XII; R 1 = R- = 
pa = h) can be cychsed by phospnoryl chloride in refluxing benzene to give derivatives of 1 -methyl and " -phen.y!- 
1 .2.3.4-tetrahydro-l -benzazepin- 5*one. 



It is customary to protect the amino-group of amino- 
acids before submitting them to intramolecular cyclis- 
ation reactions. The tosyl group has been widely used 
in syntheses of tetrahydroquinolin-4-ones 1 < U (but see 
ref . 2b) and of some tetrahydrobenzazepinones 3-5 by 
the Friedel-Crafts reaction. Cyclisation of unprotected 
tertiary amino-acids by Lewis acids has not been much 
studied, although recently the .V- proton a ted form of the 
indole derivative (II) has been cyclised. 6 We report 
here the cyclisation of certain unprotected tertiary 
amino-acids which give tetrahydro-l-benzazepin-5-ones. 
Dieckmann reactions on appropriate diesters have 
vielded tetrahydro-l-benzazepin-5-one derivatives 7 (III) 
in which the tosyl group protected the secondary amino- 
function (R l = tosyl) and many tertian' amino-diesters 
have been cyclised to give rings of various sizes; 8 how- 
ever, few examples are known in which secondary 
unprotected amino-diesters have been successfully 
cyclised under Dieckmann conditions. 8 We discuss such 
an example in this paper. 

To deal first with the Dieckmann reaction: in 1957 
it was reported 6 that the amino-diester {IV; R 1 = H, 
R* = R3 a Me, n = 2) gave the tetrahydroquinolin-4- 
one ester (V) during an attempted acyloin reaction. We 
have re-examined this process and have improved it. 
Thus methyl anthranilate reacted with methyl acrylate 
(but not methyl methacrylate or methyl crotonate) in 

1 Part XIII. A. Cromartv, K. E. Haque, and G. R. Proctor, 
J. Chem. Soc. (C), 1971. 3536. 

1 la) W. S. Johnson, E. L. Woroch. and B. C. Buell. /. Amer. 
Chem. Soc, 1949, 71. 1901; (6) J. Koo. J. Org. Chem.. 1963. 28, 
1134. 

3 D. N. Gupta, I. McCall. A. McLean, and G. R. Proctor, 
/. Chem. Soe. tC), 1970. 2191. 

• I. MacDonald and G. R. Proctor. /. Chem. Soc. \C). 1970, 
1461. 

4 M. A. Rehman and G. R. Proctor, /. Chem. Sec. (C), 1967. 

58. 



the presence of tin(iv) chloride or boron trifluoride to 
give the diester (IV; R 1 = H, R 2 = R 3 = Me, n = 2) 
(65%), which was cyclised by use of sodium hydride in 
toluene containing traces of methanol to give the 
product (V) (45%). The latter seemed an attractive 
intermediate for making bridged-ring compounds with 
bridgehead nitrogen atoms. However, we found that 
all reactions designed to alkylate the KH group 'alkylated 
the C-4 oxygen atom either before or after a dehydrogen- 
ation step: the products were of the type [VI; R = 
CH 2 *CH(OH)*CH 2 Crfromchloromethyloxiran,(\*I; R = 
CH t -C e H 4 *C0 2 Me-o) from methyl a-bromomethyltoluate. 
and [VI; R = C(C0 2 Me):CH(C0 2 Me); from dimethyl- 
acetylene dicarboxyiate. The last-named product was 
also made from the reaction of methyl 4-hydroxy- 
quinoline-3-carboxylate (VI; R = H) with dimethyl 
acetylenedicarboxylate. The ester (VI; R = H) was 
frequently obtained during purification of the keto-ester 
(V), for example by refluxing it in ethanol without 
exclusion of air. 

When the Dieckmann cyclisation conditions alreadv 
described were applied to the higher homologue (IV; 
R l = H, R 2 = Me, R s = Et ( n = 3)/ intractable pro- 
ducts were obtained; the A'-methyl derivative of 
compound (IV; R l = H, R J = R s = Me, n = 3) had 
been cyclised by Astiil and Boekelheide 10 and so we 
sought to apply their conditions to the diester (VII) , T 
now obtained as a solid. In this case cyclisation followed 

• P. Rosenmund. J. Bauer, and D. Sauer. Chem. Bcr.. 1971; 
104. 1379. 

: I. McCall. G. R. Proctor, and L. Purdie. J. Chem. Soc. (C). 
1970. 1126. 

• J. P. Schaefer and J. J. Bloomneld, Org. Reactions. 1967. 
15. I 

• G. R. Proctor and R. H. Thomson, /. Chem. Soc. 195*. 
2312. 

19 D. B. Astill and V. Boekelheide, /. Amer. Chem. Soc. 
1955, 77. 4080. 
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